Foliar application with some amino acids provides plant with readymade nutrition, thus it has positive effect on plants metabolism with a corresponding promotion in crop quantity and quality. Thus, two field experiments were conducted at Kaha Vegetable Research Farm, Qalubia governorate, Egypt during the two successive winter seasons of 2013/2014 and 2014/2015 in a clayey loamy soil under flood irrigation system. Garlic (Allium sativum L.) cv. Sids 40 was used to study the effect of foliar application with three concentrations of each, moringa leaves extract (5, 10 and 15 g/ L), glutamine (50, 100 and 200 ppm) or cysteine (50, 100 and 200 ppm) on growth, yield, quality and gloves oil content. Gloves were planting at mid of September in both seasons. A Randomized Complete Block Design with three replications was used.
INTRODUCTION
The recognized health benefits and the potency of garlic have been highlighted in many publications. Garlic (Allium sativum L.) is a perennial plant of the family Alliaceae and it is one of the most commonly used vegetable in cooking for its flavor. Garlic is a strongly aromatic bulb that has been used for long time in medicine because it contains sulfur active compounds in the form of cysteine derivatives, also it possesses antidiabetic, antibiotic and various other biological actions and thus makes this herb as an important source of therapeutic agents (Augusti, 1996) .
Plants can synthesize amino acids from the primary elements by means of photosynthesis. The requirement of amino acids is essential and is well know means to increase yield and improve overall quality of crops. The application of amino acids for foliar use is based on its type in general and its concentration in particular to avoid off target spray. Amino acids are involved in the synthesis of many organic compounds, such as protein, amines, alkaloids, enzymes, vitamins, terpenoids (Ibrahim et al., 2010) . Several investigators worked in improving garlic yield and quality by applying different amino acids as foliar spray at different growth stages. In this concern, Fawzy et al. (2012) and Shalaby and El-Ramady (2014) stated that foliar application of amino acids significant improved garlic vegetative growth and bulb weight and hence effectively increased yield and its quality.
Perspective of sustainable crop production and increasing agricultural yield with little and cheap inputs are the demands for farmers especially small scales one. This includes novel agricultural practices such as plant foliar spray with substances of a natural origin that do not harm the environment and that support and sustain local communities. One of those natural substances which can be applied safely to crops is moringa leaves extract. Moringa oleifer (miracle tree) has an impressive benefits and wide range of uses due to its high nutritional value. The moringa plant is loaded with nutrients such as antioxidants, vitamins, minerals, phytonutrients, and proteins. Accordingly, many scientists highlighted the role of its leaves extract (as crop foliar application) in enhancing different crop production. Some authors recorded significant enhanced by moringa foliar application on growth criteria (plant height, fresh and dry weight) and yield of rocket, pea and onion (Abdalla, 2013; Mishra et al., 2013 and Mohammed et al., 2013) , respectively. Therefore, this study was conducted to evaluate the effect of moringa leaves ethyl alcohol extract or two amino acids (glutamine and cysteine) foliar application on growth, yield and quality of garlic plants.
MATERIALS AND METHODS
The experiment was conducted at Kaha Vegetable Research Farm, Qalubia governorate, Egypt during the two successive winter seasons of 2013/2014 and 2014/2015 in a clayey loamy soil under flood irrigation system. Garlic cloves (Allium sativum L.) cv. Sids 40 applied to study the effect of foliar application with three concentrations of each moringa leaves extract (5, 10 and 15 g/ L), glutamine (50, 100 and 200 ppm) or cysteine (50, 100 and 200 ppm) on growth, yield, quality and gloves oil content of garlic. The spray was applied three times during the cultivation season; the first was after two months from sowing and then two times one month interval.
Preparation of moringa leaves extract
Air dried leaves of Moringa oleifera were grinded then 100 g of moringa leaves powder were soaked in 1 L ethyl alcohol (80%) for 4 h on a rotary shaker in order to maximize extraction. The extract was filtered twice through Whatman filter paper no.1 then ethyl alcohol was evaporated under vacuum using rotary evaporator. The residue of the extract was dissolved in 100 ml distilled water in the presence of tween twenty 1% to make stock solution. Some chemical constituents of moringa leaves ethyl alcohol extract were determined by Rady and Mohamed (2015) as shown in Table (1). Gloves were planting at mid of September in both seasons. A Randomized Complete Block Design with three replications was used. The plot area was 9.6 m 2 which contains 4 rows. Each row was 4 m long and 0.6 m wide. Cloves were planted 20 cm apart in both sides of each row. Other agricultural practices were carried out as recommended for the conventional garlic planting.
The experiment included 10 treatments as follows 1-Moringa leaves extract 5 g/ L 2-Moringa leaves extract 10 g/ L 3-Moringa leaves extract 15 g/ L 4-Glutamine 50 ppm 5-Glutamine 100 ppm 6-Glutamine 200 ppm 7-cysteine 50 ppm 8-cysteine 100 ppm 9-cysteine 200 ppm 10-Control(spray with water) Measurements A-Vegetative growth Five plants were taken randomly from each plot after 150 days from planting to record the average of following data: 1. Plant length (cm) 2. Number of leaves/plant 3. Leaves chlorophyll content * 4. leaves area/ plant * Determination of chlorophyll was done by using Minolta chlorophyll meter SPAD-502 as SPAD units.
B-Total
Yield and bulbs dry matter % 1. Fresh total yield (ton/ fed.) was determined at harvest. 2. Cured yield (ton/ fed.), plants were cured for 21 days after harvest. 3. Dry matter % of cured bulbs.
C-Bulb quality
After curing, 10 bulbs from each plot were taken to record: 1. Average bulb diameter (cm) 2. Average bulb weight (g) 3. Average number of cloves/ bulb 4. Clove weight (g)
D-Chemical analysis of cloves
Phosphorus and potassium percentage in the dry matter of cured bulbs were determined according to the methods described by Murphy and Riley (1962) and Brown and Lilleland (1946) , respectively. The method used for estimation total free amino acids was described by El-Araby (1987) . The percentage of volatile oil in garlic gloves (calculated as dry weight) determined by hydro-distillation using a Clevenger-type apparatus according to Guenther (1961) .
Statistical analysis of data
Data were subjected to analysis of variance method according to Snedecor and Cochran (1980) . The comparisons of treatment means were done with Duncan Multiple Range Test (Duncan, 1955) . All data analyses were performed using the STATISTIX version 8.0 software.
RESULTS AND DISCUSSION

Vegetative growth
All data of vegetative growth presented in Table  ( 2) indicated that the spraying with each of moringa leaves extract, glutamine and cysteine treatments caused significant increases in plant growth criteria; plant length, number of leaves/ plant, leaf chlorophyll content and leaf area of garlic at both seasons except chlorophyll content recorded non-significant in second season. Moringa leaves extract 10 g/ L, glutamine 200 ppm or cysteine 100 pp treatments gave the highest values of plant growth criteria at both seasons as compared to the other treatments and control. Generally we can notice that there is a linear relationship between the glutamine concentration and the recorded data i.e. the third concentration recorded the best results. However, such effect was changed when using moringa extract or cysteine where the increment continued gradually up to the second concentration used (10 g/ L or 100 ppm, respectively) then decrease with the third concentration ( 15 g/ L or 200 ppm, respectively). The reason for this enhancement may be due to that, amino acids affect directly or indirectly the physiological processes of the plant, where it increase chlorophyll content in the leaves and activate the vital physiological processes within the plant, leading to increased plant growth rate (Boras et al., 2011) . Cytokinins, present in moringa leaves extract, enhance food production as they are involved in cell growth and differentiation, and their exogenous supply delays senescence of crop plants.
Many studies reported that the foliar application of amino acids caused an enhancement effect on plant growth on tomato (Boras et al., 2011) and on potato (Al-Hamdany and . Using putrescine (50, 100 and 200 ppm) as a chemical growth regulator or moringa leaves extract (3.5%, 7% and 10%) as a natural extract have positive effect on growth and photosynthetic pigments (Chlorophyll a, b and carotenoids) of jojoba plants (Taha et al., 2015) .
Total yield and bulbs dry matter %
All foliar spray and their concentrations affected yield components of garlic positively (Table 3) . Moringa leaves extract 10 g/ L, glutamine 200 ppm or cysteine 100 ppm were the best treatments and gave significant increases of fresh total yield (ton/ fed.) by (64.9%, 67.8% and 67.6%), and (27.7%, 29.1% and 28.0%), curing yield (ton/ fed.) by (59.4 %, 60.1 % and 59.2 %) and (42.1 %, 42.9 % and 41.9 %) and blubs dry matter % by (10.5 %, 11.7 % and 11.2 %) and (10.6 %, 10.1 % and 10.6 %) over the control in the first and second season, respectively. For the most stated parameters in Table ( 3) the second concentration of moringa extract (10 g/ L) and cysteine (100 ppm) proved to be better than the other two corresponding concentrations, while the third concentration of glutamine was the best comparing with other concentrations.
Amino acids are the main structure of protein which involves in plant metabolic activities and provides plants with basic materials for healthy and vigorous vegetative growth (Table 2 ) which may reflect on total yield. Positive response of garlic and onion plants to foliar application with different levels of amino acids was studied by El-Shabasi et al. (2005) and Shafeek et al. (2012) , respectively.
Extract from fresh moringa leaves can be used to produce an effective plant growth hormone, increasing yield be 25-30 % for different crops (Fuglie, 2000) . In addition, aqueous extract of moringa was reported to improve sesame growth and grain yield per unit area because of it plays a key role as a plant growth hormone (Muhamman and Mohammed, 2014) . Also Mvumi et al. (2013) found that Moringa oleifera leaves extract applied on common beans leaves increased yield in field trials.
Bulb quality
This study showed that spraying with amino acids and moringa leaves extract had a positive and significant effect on average cured bulb diameter and weight. Spraying with moringa leaf extract 10 g/ L, glutamine 200 ppm or cysteine 100 ppm increased average cured bulb diameter and weight (Table 4) compared with control in the two seasons. Thus those measured traits may be the reflection of the increment in total yield (Table 3 ). The maximum average number of cloves/ bulb was produced in control while, the minimum average number of cloves/ bulb recorded when spraying with moringa leaves extract 10 g/ L, glutamine 200 ppm or cysteine 100 in both seasons. The increment in bulb diameter and bulb weight and the decrease in number of cloves/ bulb led to an increment in clove weight, and this is a preferable trait in the market. According to Sarojnee et al. (2009) , amino acids can increase uptake of nutrients and water, enhance the photosynthetic rate and dry matter partitioning and hence increase yield and quality of crops. Amin et al. (2011) and Shafeek et al. (2012) recorded that foliar application of some amino acids either alone or in combination, significantly increased bulb length, bulb diameter and weight, as well as yield of onion and quality of bulbs. Foliar spray of garlic plants with mixture of alanine, arginine, cysteine and glycine (each at 100 ppm) scored higher value of bulb diameter while, 100 ppm cysteine was the most effective treatment for producing better garlic bulbs weight (El-Shabasi et al., 2005) .
Chemical analysis of bulbs
Data presented in Table ( 5) indicated that the same treatment concentrations (moringa leaves extract 10 g/ L, glutamine 200 ppm or cysteine 100) which recorded better results for the yield also reflect positively on chemical content i.e. phosphorous %, potassium %, total free amino acids (mg/ 100 g dry weight) and volatile oil (ml/ kg dry weight) of garlic blubs. The other two concentrations of both amino acids and moringa leaves extract were less effective but still better than control in the two studied seasons.
In the present work, as the plant cell is filled with solutes (increasing P % and K %) the plant will take up water, create cell turgidity, decrease solute leakage and hence keep plants upright and vigorous. An enhancement in squash seeds NPK content by using moringa leaves extract as foliar spray, at different concentrations: 2, 4 and 6 g/ L, was observed by Hegazi et al. (2015) . Yunsheng et al. (2015) found that using glutamine at 25 ppm increased total free amino acids in snap bean leaves, while 100 ppm increased it in pods. Gamal El-Din and Abd El-Wahed (2005) recorded an increase in essential oil percentage, in particular the valuable components as α-bisabolol oxide A, of chamomile by foliar spray with three amino acids (ornithine, proline and phenylalanine) at different concentrations (0, 50, 100, 150 mg/ L). 
CONCLUSION
Data of this experiment highlighted the positive effect of moringa leaves extract as natural substance at a concentration of 10 g/ L on growth, yield, quality and bulbs oil content of garlic. Also, applying glutamine 200 ppm and cysteine 100 ppm as synthetic amino acids gave the same enhancements for above mentioned traits.
